• Spin effects on free motion of test particle first derived in the form of a coupling to the spacetime curvature. The calculation assumes test particle described by pole-dipole energy-momentum tensor ⇒ neglects quadrupole moment (and higher multipole moments) ⇒ provides spin couplings only at at linear order in the test-particle's spin.
• Two-body dynamics of spinning bodies also derived in a PN expansion. 
• Test-particle's spin variables are encoded in the antisymmetric tensor S µν , which a priori contains six degrees of freedom instead of three.
• To fix the unphysical degrees of freedom associated with the arbitrariness in the definition of S µν , a choice must be made for the so-called spin supplementary condition (SSC). How to deal with constraints in the Hamiltonian formalism
, π i , t) (i = 1, ..., n) in 2n-dimensional phase space; {..., ...} ⇒ antisymmetric and bilinear "bracket" operation satisfying Leibniz rule and Jacobi identity.
• For an arbitrary function A we have:
• Consider a set of constraints ξ i = 0, i = 1, ..., 2m (m < n) such that the matrix C ij ≡ {ξ i , ξ j } is not singular.
• Replace original brackets with Dirac brackets which are the projection of the original symplectic structure onto the phase-space hypersurface defined by constraints, i.e. Building the phase-space algebra in the Newton-Wigner SSC
{A, B} DB
• We generalize the Newton-Wigner SSC to curved spacetime as follows
• Moreover, three constraints must be imposed on the configuration coordinates φ
We drop the remainders scaling as the square of the particle's spin, because the pole-dipole particle model is valid only at linear order in the particle's spin.
Phase-space algebra in the generalized Newton-Wigner SSC
The phase-space variables {x i , P j , S K } provided by the generalized NW SSC are canonical at linear order in the particle's spin.
• Dirac brackets of m with {x i , P j , S K } are zero at linear order in the particle's spin.
• Using m = p −p µ p µ we can write p t = −β
• Finally,H at linear order in the particle's spin, reads
Hamiltonian for a spinning test-particle in Schwarzschild
• Schwarzschild in isotropic coordinates: 
